The neuropsychological application of evaluating memory in both the verbal and visuospatial modalities is undisputed. For example, the Wechsler Memory Scale --Revised (Wechsler, 1988) provides both the evaluation of short-and long-term memory according to verbal and visuospatial tasks. In contrast to recent memory, which evaluates the patient's ability to hold onto information that has been presented on one single trial, learning tests evaluate the process that take place across numerous stimuli presentations. Thus, an incorporation of feedback is provided and the repeated process involved in learning establishes a learning curve. Examples of learning measures that have received wide neuropsychological application include the Rey Auditory Verbal Learning Test (Rey, 1964) , the California Verbal Learning Test (Delis, Kramer, Kaplan, & Ober, 1986) , and the Selective Reminding Test (Buschke, 1973) . Note that all of these measures evaluate learning in the verbal mode, and in comparison, visuospatial learning tests are far less frequently utilized in the clinical setting. However, from a clinical standpoint it is equally compelling to evaluate learning in both the audioverbal and visuospatial modes. As memory is typically evaluated in both modes, learning should also be tested in both modes.
METHOD

Subjects
The total sample of 307 normal volunteers was comprised of 152 women and 155 men ranging in age between 16 and 70 years and in education from 7 to 22 years. About 65% of the participants resided in California, 30% resided in Michigan, and the rest resided on the eastern seaboard. Care was taken to ensure that the population was heterogeneous with respect to age and education; there were four age and three educational stratifications (see Table 1 ). To assess the test-retest reliability, 106 randomly selected subjects representing each of the 12 cells (see Table 1 ) were retested after a 6-month delay (i.e., approximately 30% of sample was retested). This interval was chosen because it typically represents the interval selected for follow-up testing within a clinical setting for evaluating gains or deterioration of neuropsychological functioning. All participants were screened to exclude individuals with a positive history of psychiatric illness, chronic alcohol, drug or poly-substance abuse, or neurological disorders.
Procedure
On a stimuli sheet (standard 8.5 x 11' size), circles with numerous connections are presented to the subject (see Figure 1) , and the instructions are as follows: "I would like you to learn a specific pathway or trail that starts here," (examiner points to circle with the word "Start") "and ends up here" (point to the circle with the word "End"). "I have a pathway memorized that I want you to learn, thus you can neither see this pathway nor is it the shortest path. Instead, I will teach you one specific path. Start at the beginning and move your finger one step at a time. I will tell you after each choice whether you are right or whether you need to select an alternate. If you are right, you will proceed to the next choice. If you are wrong, you will go back to your preceding position and simply choose again. Obviously, on your first time through, your choices will be by chance. On later trials, try to recall the correct path. You will be given feedback on each choice. Finally, you must repeat the path correctly on two consecutive trials to master the test." The examiner provides feedback with the word "correct," and to an incorrect choice with, "go back, please."
After a l-hour delay, the following instructions are provided: "Some time ago I asked you to learn a visual trail or path. Now I'd like you to run through that trail again. I will give you feedback after every choice as before."
For the retesting, Form II was administered, which represents an alternate dot configuration, and, again, a 15-step pathway of similar complexity needs to be learned. The scoring of the RULIT begins with recording the number of correct and incorrect choices for each of the 15 steps, and across the needed trials. The number of correct choices per trial refers to a no-error decision at any of the 15 decision points. However, more than one error can be made at any decision point.
Step errors refer to the sum of errors recorded for steps 1 and 15 for trials 2-10. Trial 1 is not included, because these choices are based on chance.
Review of Design Specification
The conceptual features outlined in our introduction are reviewed below:
1. The RULIT does not depend on drawing skills. 2. Keen eyesight is not required for this task, but the dots and lines need to be perceived (see Figure 1 ). 3. Good motor control is not essential since neither accuracy nor motor speed play key roles. It has been our clinical experience that (in patients with hemiparesis) the task can be mastered equally well with the nondominant hand. 4. The demands for visuospatial integration are also minimal, because most everyone can follow lines from dot to dot and perceive the connections between the dots. 5. The RULIT does not rely on recognition per se, but instead a specific path has to be recalled or retraced. Nonetheless, we recognize that the recall is to a degree cued by the stimuli configuration.
Comparative Neuropsychological Measures
To evaluate the construct validity, the neuropsychological test measures listed in Buschke, 1973; Ruff, Light, & Quayhagen, 1989 Wechsler, 1981 Wechsler, 1981 Buschke, 1973 Benton & Hamsher, 1976 Ruff, Light, & Evans, 1987 Nelson, 1976 
RESULTS
Effect of Age, Gender, and Education on Successfully Learning the Task
On the RULIT, up to 10 trials are given. The test can either be completed if two consecutive correct traversals of the trail are completed, or after the tenth trial. Thus, this divides the performances into either finishers or nonfinishers. Criteria for completion was met by 120 of 152 women (79%), and 126 of 155 men (81%). This difference of finishers versus nonfinishers between men and women was not significant.
With respect to age, younger subjects tended to finish the task at a level superior to that of older subjects. Within the age group 16-24 years, 67 of 72 subjects finished the task (93%); within the age group 25-39, 58 of 69 subjects finished the task (84%); within the age group 40-54, 69 of 83 subjects completed the task (63%). These differences were significant [Z2(3, n = 307) = 24.62, p < .001]. In post hoc analysis using Bonferroni corrections, there was no significant difference between the first three age groups (16-24, 25-39, and 40-54). The age group 55-70 finished at a significantly lower rate than the three younger age groups. In analyzing the effect of educational level, the increase among the three educational stratifications did not significantly increase the rates of finishing the test. In summary, while gender and education had no effect on rates of finishing, age played a role because the oldest age group, 55-70 years, finished at a significantly lower rate as compared to the younger age groups.
Effect of Age, Gender, and Education on Total Correct Choices
Given that there were 10 trials and 15 steps per trial, there was a maximum of 150 possible correct choices over the course of the test. Total correct choices were summed over all 10 trials for all subjects. The sum of correct choices were then subjected to a three-way analysis of variance (ANOVA) with independent effects of gender (two levels), age (four levels), and education (three levels). Although the interaction of gender and education was significant [F(2, 283) = 5.13, p = .007], this finding was not especially meaningful, as the magnitude of effect amounted to only 2.2%. In analyzing main effects, significant differences were due to both gender [F(1,283) = 5.51, p = .02], and education [F(2, 283) = 3.43, p = .03]. Again, these findings were not meaningful as the magnitudes of effect were small (1.2% and 1.3%, respectively). However, in analyzing the differences due to age, a much larger effect was found [F(3, 283) = 14.09, p < .0001, to 2 = .11]. Thus, differences in age accounted for 11% of the variance for the sum of correct choices, and in post hoc analysis using Bonferroni corrections, no significant differences were found between the age group 16-24 (Mean = 133.7, SD = 8.6), the age group 25-39 (Mean = 132.4, SD = 8.4), and the age group 40-45 (Mean 131.4, SD = 8.4). However, the fourth age group, 55-70 (Mean = 125.7, SD = 8.4) performed significantly lower than the previous three age groups. The analysis on total correct choices was repeated with only those that finished the task (n = 264), and the pattern of results was essentially the same in that only the effect of age was significant.
Learning Curves
The RULIT is a power test that can yield learning curves for correct choices over the course of the test. Subdivided by age into those between 16-54 versus 55-70, the learning curves were calculated for the sum of the correct choices (see Figures 2 and 3 ). For each, a range of percentiles were chosen at the 5, 25, 50, and 75 level, in order to demonstrate the range of performance and also to allow for future placement of clinical patients contrasted to these percentile ranks.
Step Errors
Step errors are those errors that occur repeatedly at the same node in the trail, and these step errors are computed by adding up errors at each node across the nine trials, not including the first trial. Because the total step errors are the sum of step errors for each node in the trail, an increase in the number of step errors corresponds with a difficulty in learning the path. In particular, large numbers of step errors show that the subject was unable to implement feedback from the examiner in such a way as to improve task performance or learn the task.
Total step errors were subjected to a three-way ANOVA. The same pattem of results was noted as for the sum of correct choices. Significant, but not meaningful, differences were demonstrated according to the interaction of gender and education. However, significant and meaningful differences were due to age groups; [F(3, 283) = 15.39, p < .0001, co 2 = .11]. In post hoc analysis of group differences using Bonferroni corrections, no significant differences were demonstrated among the first three age groups; ages 16-24 (Mean = 13.61, SD = 12.47), ages 25-39 (Mean = 12.29, SD = 12.46), and ages 55-70 (Mean = 13.61, SD = 12.48). The mean total step errors for the last age group, age 55-70 (Mean = 22.05, SD = 12.48), was significantly higher than the means for the previous age groups.
After inspecting the distribution of step errors, it was found that a large percentage occurred at just a few nodes, or steps, within the trail, and that it was rare for errors to occur at other points within the trail. Because this variation may assist in evaluating the patient's level of cooperation, the X axis of Figure 4 contains the percentage of step errors attributable to each node within the trail for the standardization sample as a whole. Based on this data, the distribution of step errors indicates that there is a consistent profile of performance that occurs across the 15 nodes. Figure 4 presents a performance curve for step errors subdivided according to the percentile ranges 1, 5, 25, and 50, and this allows the placement of future performances to be assessed for consistency.
Effect of Age, Gender, and Education on Delayed Recall of the Trail
Following the completion of the trail task, the examinee is asked to recall the trail after a 1-hour delay. The examinee is allowed to traverse the trail once while feedback is provided by the examiner. The number of correct choices, as well as errors, is recorded. Inspection of the distributions of correct choices and errors yielded negatively skewed distributions, with a ceiling effect due to the majority of respondents making either 14 or 15 correct choices, with zero, one or two errors. Because of the nature of the distributions, nonparametric analyses were performed. By examining the frequencies of occurrence for correct choices and errors, a clinically useful cut-off was selected for each. Overall, approximately 90% of examinees made either 14 or 15 correct choices; thus, a score of 14 or 15 was considered "intact," while less than 14 was considered "impaired." Again, approximately 90% of the examinees made two or fewer errors, and this was considered intact, while more than two errors was considered impaired.
In order to assess the effects of age, education, and gender on trail recall, analysis of frequencies of intact and deficient performances proceeded across the previously described breakdowns for both correct choices and errors. No significant effects of gender or education were found for either correct choices or errors. However, a significant effect of age on correct choices was found [Z2(3, n = 307) = 29.71, p < .0001]. In post hoc analysis using Bonferroni corrections, there was no significant difference between the first three age groups (16-24, 25-39, and 40-54) . The age group 55-70 was significantly more likely to make fewer than 14 correct choices than the younger age groups. A similar pattern was found for errors; the effect of age was significant [Z2(3, n = 307) = 19.07, p < .001]. Post hoc analysis using Bonferroni corrections showed that no differences were found among the three youngest age groups while the age group 55-70 were significantly more likely to make fewer than 14 correct choices and more than two errors. ................................... NODE NUMBER Percent 6.6 11.0 2.7 1.4 9.0 6.8 14.1 4.8 2.4 27.0 6.9 1.6 1.3 3.5 0.5 FIGURE 4. DistribuUon of step errors across nodes.
Reliability
Reliability was computed according to: (a) test-retest comparison for total correct choices, and (b) test-retest reliability for total step errors. Form I was always followed by Form II, 6 months apart to a random subsample of the standardization sample. Both measures demonstrated acceptable reliability, as measured by highly significant correlations: total correct choices (R = .57, p < .0001), and total step errors (R = .59, p < .0001). See Table 4 for means, standard deviations, and standard errors of measurement across Forms I and II).
A comparative analysis of the two forms indicated that the Form II was significantly more difficult than Form I, because Form I had a completion rate of 79%, while Form II had a completion rate of 66%; [Z2(1, n = 212) = 4.65, p < .05]. Of the 106 individuals given both forms, 63 were able to complete both forms, and 15 were unable to complete either form. However, 21 of the subjects were able to complete Form I, but were unable to complete Form II. Conversely, only seven of the subjects were able to complete Form II but not Form I. As can be seen in Table 4 , the comparison of means for the three variables further indicates that Form II was more difficult, and in addition, Form II scores for total step errors and total correct choices showed more dispersion than Form I scores. Therefore, the test-retest correlations reported here should be considered a lower bound, as the reliability figures would most likely have been higher had a closer matching alternate form of the RULIT been available. For example, estimated reliabilities were computed for total correct choices and total step errors, making the assumption that the variance of scores on Form I matched those of Form II. In this analysis, the estimated reliability of total correct choice increased to .76, and the estimated reliability of total step errors increased to .79.
Construct Validity
In order to assess the construct validity of the RULIT, the test scores were correlated with a range of neuropsychological measures. In particular, total correct choices was correlated with measures of intelligence (WAIS-R Performance IQ), visuospatial attention (Block Span, 2&7 Selective Attention analyzing the components of Speed, Processing, and Efficiency), visuoconstructive skills (Rey Complex Figure, Table 5 for intercorrelations with step errors.
To further assess associations between total correct scores with other neuropsychological measures, a multiple regression procedure was employed with total correct score as the outcome measure, and the following measures as predictors: Blocks Immediate, Blocks Delay, Rey Copy, Rey 3-minute Delay, Rey 60-minute Delay, WAIS-R Picture Completion, WAIS-R Block Design, WAIS-R Digit Symbol, SRT Sum Recall, and SRT Sum Continuous LongTerm Recall. A backwards selection procedure was used to determine those variables whose inclusion in the equation predict a significant amount of unique variance in the total correct scores of the RULIT.
With all variables in the equation, the amount of variance predicated was significant [R 2 = .31, F(8, 298) = 16.76, p < .0001]. Following backwards selection, the following three variables remained: Blocks Immediate, Picture Completion, and Rey 3-minute Delay. The most important predictor of RULIT total correct scores was Rey 3-minute Delay; the semipartial correlation between the two was .23, p < .0001. The second most important predictor of RULIT total correct scores was Block Span; the semipartial correlation between the two was .18, p < .001. The third most important predictor of RULIT total correct scores was WAIS-R Block Design; the semipartial correlation between Picture Completion and RULIT total scores was. 17, p < .001. These results indicate that there are significant components of the RULIT score that are shared with other neuropsychological measures. The greatest component of RULIT variance is uniquely shared with the Rey 3-minute Delay scores. This uniquely shared variance amounts to 5%, and represents a fairly pure measure of visuospatial memory. Another significant component of the RULIT score is shared with Block Span, and represents a fairly pure visuospatial immediate attention component; this shared variance was 4% of RULIT total scores. Finally, RULIT total correct scores uniquely shared 3% of its variance with Block Design scores. This may indicate that the RULIT contains a component of visuospatial integration.
Possible Confounds with Intelligence, Attention, and Memory
Because the age differences on total correct choices was so pronounced, and there was a significant positive correlation between central subtests of the Performance WAIS-R IQ, the question was raised as to whether Performance IQ could account for the differences in performance on the RULIT seen due to age. In order to assess this, a three-way ANCOVA was performed, with the dependent variable being total correct choices, the independent variables being age, education, and gender, and the covariate being Performance IQ. The same pattern was found as was previously, with age being a significant effect; [F(3, 221) = 6.33, p < .0001]. However, co 2 dropped to .05. This indicates that while PIQ does share variance with both age and total correct choices to the extent that the effect size of age on total correct choices dropped, there was still enough unique variance shared between age and total correct choices that the association between them was both significant and meaningful.
Two further ANCOVAs were studied, and the first included immediate retention or attention as measured by the Block Span as the covariate, and the second used memory as measured by the Rey 3-minute Delay score as the covariate. With respect to attention, the Block Span covariate was not associated with age; therefore, there were no confounding effects. However, in inspecting the results of the ANCOVA with visuospatial memory as a covariate, it was found that Rey 3-minute Delay scores accounted for 6.8% of the variance in RULIT correct scores. After removal of this variance, the effect of age was no longer significant on RULIT scores. Based on these results, it appears that it is the memory component that is affected by increasing age.
DISCUSSION
Memory impairments are one of the most frequently observed neuropsychological deficits secondary to a range of neuropathologies, ranging from strokes and tumors (Luria, 1980; Milner, 1971) , different types of dementia (Squire, 1987; Squire & Butters, 1984) , brain injury (Brooks, 1984; Levin, Benton & Grossman, 1982) , and childhood learning disabilities (Denckla, 1979) . Verbal learning measures are typically part of comprehensive neuropsychological examinations, and because the right hemisphere is specialized in visuospatial processing and has an equal chance of being disturbed secondary to neuropathology, it seems only logical to incorporate with equal frequency a visuospatial learning measure as part of a comprehensive neuropsychological assessment. The RULIT presents such an option.
In the present study the two forms of the RUL1T were studied. Despite the significant correlations, the test retest reliability was affected by the unexpected inequality between Forms I and II. In future studies, an alternate form of equal difficulty should be developed, and Forms I and II must be administered in a counterbalanced fashion.
The normative values indicated no significant gender differences, and similarly, no major educational differences were noted. However, an age effect for those subjects of 55 and older was demonstrated, and our data suggest that the major reason for the inferior learning by the older sample was their reduced memory capacities rather than a reduction in visuospatial processing.
Because it is essential to avoid a reductionistic approach by analyzing a single score from a test, the RULIT does allow for multiple component analyses. Differential learning curves sensitive to the age effect are provided, with clinically useful cutoff points of 5, 25, 50, and 75th percentile.
Step errors provide a useful analysis, because specific steps in normal individuals are learned with ease, and others present a hurdle for most subjects. In our clinical experience, patients with neuropathology or psychopathology experience also greater difficulties for learning the same steps. Thus, this consistent variation among the 15 steps of easier and more difficult steps may provide an indication of limited cooperation in these subjects who do not fall within similar error patterns. In observing the process of learning, we have noted in our clinical evaluations multiple types of errors, but particularly the following three appear clinically important: (1) Repeating on the same trial the same error at a particular node indicates attentional or short-term memory difficulties; (2) Committing an error on a particular node for which in two or more previous trials no errors were made indicates a weakness in consistent long-term retrieval; (3) Repeating the exact same error at a particular node across multiple trials can indicate a perseverative tendency, especially if these repetitions exceed the expected step error rates that are contained in Figure 4 . Keeping track of these three error types can be of clinical value, especially if such a distinction is supported on other test measures.
The analysis of the construct validity suggests a shared variance with a measure of visuospatial short term memory, as well as visuospatial immediate retention. The visuospatial integration as measured by the Block Design Subtest also indicated a shared variance. As mentioned, the age effect is primarily due to a reduced visuospatial memory, rather than an inferior visuospatial integration. In an earlier study (Baser & Ruff, 1987) , we evaluated the construct validity in a sample of 259 normals; the RULIT loaded in this factor analytic study on a planning and flexibility factor. This indicates that, in addition to the visuospatial memory involved, the RULIT also requires planning for its successful completion.
The delayed recall of the RULIT can further add to the evaluation of visuospatial memory, because, again, the comparison with the delayed recall of the Rey Complex Figure can lead to descriptive and clinically meaningful distinctions of long-term recall. The recall of the Rey Figure relies on free recall, whereas the delayed recall on the RULIT does partially involve a cued recall because the stimuli material is provided. For this reason, we have frequently found patients to be more severely impaired on the delayed recall of the Rey Complex Figure than the delayed recall of the trail. However, a further reason for a differential delayed recall between the two measures can be based on the earlier mentioned difficulty that many patients encounter in the copying of geometrical designs. Moreover, when copying the design the clients are not attempting to commit the design to memory because no such instructions are provided. In contrast, during the learning phase of the RULIT it is explicit that the aim is to learn the trail. Thus, the differences between the two measures on the delayed recall are due to (1) the fact that the examinees were instructed to master the task; (2) a greater opportunity for learning was provided, because the examinee was repeatedly exposed to the same trail, which may even involve a combination of procedural and declarative memory; and (3) given the fact that the stimuli material provides a partial cue or recognition component. We have found these clinical distinctions particularly helpful for patients being considered for rehabilitative therapies involving different learning strategies Ryan and Ruff, 1988) .
In summary, normative values for the RULIT have been provided and the analysis has included a description of clinically relevant learning curves, error patterns, differential error patterns within the path of learning, as well as a clinical decision matrix for delayed recall. From a conceptual standpoint, the final issue that needs to be addressed is whether the RULIT was able to incorporate the design features adequately. (1) The RULIT does not rely on drawing skills; however, our memory assessment involved copying the Rey Complex Figure. No motor-perceptual difficulties were encountered in our normative sample; however, clinically we have observed many patients with constructional apraxia for whom the delayed recall of the Rey Figures is not a valid memory assessment. In these cases, the RULIT, which is not susceptible to the same type of motor-perceptual and constructional confounders, a more adequate assessment of learning, and long-term recall (memory) is possible. (2) Again, none of our sample suffered any visual difficulties; however, again, in clinical cases in which patients were unable to adequately complete cross-through tests due to acuity or scanning difficulties, they were able to perform the RUL1T. (3) The patients with poor motor control, including paralysis of the dominant hand, have been able to complete the RULIT equally well with the nondominant hand. (4) Visuospatial integration is required by the RULIT, yet according to the relatively low correlations with the Block Design subtest of the WAIS-R, the level of spatial integration involved is minimal. (5) Finally, the RULIT does allow for an evaluation of learning, predicated primarily on recall. However, the recall is cued and in essence provides a combination of both procedural and declarative memory.
Obviously, the above observations will need to be empirically validated. Moreover, our clinical observation that the RULIT is ecologically valid for patients with day-to-day difficulties in finding their way around needs to be addressed in further studies. In a few of our studies, the RULIT has been included with the following results. The RULIT has been applied in case studies to evaluate the neuropsychological sequelae of exposure to chlorinated hydrocarbon solvents (Troster & Ruff, 1990) , and chronic occupational exposure to polychlorinated biphenyls (Troster, Ruff, & Watson, 1991) . In patients with significant anterograde amnesia, the RULIT results were impaired. The effects of arteriovenous malformation (AVM) before and after neurosurgical correction were examined with a test battery including the RUL1T (Mahalick, Ruff, & U, 1991; Mahalick, Ruff, Heary, & U, 1993) . The RULIT was sensitive to right AVM hemispheric dysfunctioning, supporting a double dissociation when contrasting left versus right hemispheric damage with verbal versus visuospatial learning. Finally, the RULIT was also included in the neuropsychological evaluation of patients with a range of psychiatric disorders; for example, schizophrenia (Baser & Ruff, 1987) , depression (Richards & Ruff, 1989) , and borderline personality disorders (Judd & Ruff, 1993) . Indeed, in these psychiatric populations, memory and learning in the verbal versus visuospatial mode were also differentially affected.
